Information on the spatial distribution of plant nutrients is a prerequisite to predict their behaviour and to monitor the fertility in a watershed. This study was conducted to evaluate variations of plant available potassium (PAK) and non-exchangeable potassium (NEK) of a watershed with different land use and parent materials. Eight hundred soil samples were taken from 0-30 and 30-60 cm depths across the Kazova watershed of 20 656 ha in size. Average PAK was 152.8 mg/K kg in surface layers and 167.2 mg/kg in subsurface layers. NEK was 925 mg K/kg in surface and 167.2 mg K/kg in subsurface layers. All forms of K were the lowest in soils formed over serpentinite. Soils in pastures had the highest PAK and NEK. Both K forms were positively related to clay content. Spatial variability patterns of PAK and NEK were similar and consistent at both soil depths. The variation in parent material and land use is considered as the main cause for large variations of potassium forms.
Potassium (K) in soils is typically found as soil solution K, exchangeable K, non-exchangeable K, and K in minerals. Different forms of K are in equilibrium with each other (Jalali 2007) . The soils of arid and semiarid regions usually contain enough exchangeable potassium and K-bearing minerals which provide sufficient K to the crops. Exchangeable K concentration of soils in Central Anatolia of Turkey is considerably depleted due to the intensive crop production (Munsuz et al. 1996) . Munsuz et al. (1996) stated that continued K removal in Anatolia without addition of K resulted in the destruction of K-bearing clay minerals and consequently depletion of K sources in soils. Øgaard and Krogstad (2005) showed the decline of interlayer K of micas and clay minerals with constant release of K from sources with no exchangeable K. Askegaard and Eriksen (2000) also reported that K is lost from loamy sand soils by plant uptake and leaching below the root zone. Losses of K from grasslands especially in coarse-textured soils were related to actual K input, surpluses and the level of exchangeable K (Kayser et al. (2012) .
Improved understanding of soil K dynamics in the soil and spatial distribution pattern within a watershed are critical issues for better agronomic management (Sato et al. 2009 ). Numerous studies focused on the interaction of plant nutrients with different soil constituents to obtain an accurate description of the spatial autocorrelations of nutrients across a landscape, which is a prerequisite to predict their behaviour in the watershed. Specifically, to predict the yield of major crops grown, one must account for reserve and available nutrient concentrations and interactions of the various species in the soil environment. doi: 10.17221/32/2016-SWR Spatial variability of soil nutrients in arable soils is a consequence of interactions between parent materials, biology, climate, time and topography and as well as those partly created by human factors such as fertilization, tillage and cropping systems (Trangmar et al. 1985) . The objective of this study was to examine the effect of parent materials (intrinsic) and land use (extrinsic) on plant available potassium (PAK) and non-exchangeable potassium (NEK) concentrations in Kazova watershed.
MATERIAL AND METHODS
The study area is located in the lower part of Kazova watershed encompassing ~20 600 ha of agricultural fields in the Tokat province of Turkey (Figure 1 ). The lowland of this watershed is an important agricultural region for wheat, sunflower, sugar beet, tomato and maize which are the major crops grown in rotation. The climate of the region is semiarid with the mean annual precipitation of 446 mm and mean temperature of 12.4°C.
Soil sampling. A total of four hundred surface (0-30 cm depth) and subsurface (30-60 cm) soil samples were collected from the lower part of Kazova watershed. The sampling pattern was prepared to reflect the variability caused by parent material and land use. The distance between soil samples was 1 km at maximum. Soil samples were also collected from the soil at 100, 200, 300 and 500 m intervals in order to determine the variability in a shorter distance than 1 km. The locations of sampling sites were recorded by a GPS (Figure 1 ). Average sampling distance was 460 m and sampling density was approximately one sample per 50 ha (20 656 ha/400 samples).
Soils in pastures of the study area are classified as Mollisols and those formed over limestone are Alfisols and Inceptisols. The most extensive soils formed over alluvial deposits in the lower part of the watershed are Inceptisols and mostly Entisols (Durak et al. 2006; Günal et al. 2008) .
Soil analysis. Soil samples were air-dried, ground and passed through a 2mm sieve. PAK was extracted with 1N NH 4 OAC and determined by flame atomic absorption spectrometry (Thomas 1982) . The PAK concentrations of soils were grouped into five classes based on threshold values indicated by FAO (1990) (Table 1) . NEK was extracted by the boiling HNO 3 method (Helmke & Sparks 1996) . Organic matter was determined by the Walkley and Black method (Nelson & Sommers 1982) . Cation exchange capacity (CEC) was measured by sodium acetate method (Chapman 1965) . Exchangeable cations were extracted by ammonium acetate method (Thomas 1982) . Particle size distribution was determined by the hydrometer method (Gee & Bauder 1986) . The soil reaction (pH) and electrical conductivity (EC) were measured in saturated paste (Rhoades 1982) . CaCO 3 was determined using the calcimeter method (Allison & Moodie 1965) . Spatial heterogeneity of PAK and NEK concentrations was recorded using geostatistics. The analysis of spatial dependences was carried out through the calculation of variograms. The semi-variogram function was calculated as described by Goovaerts (1994) .
The nugget-to-sill ratio is used to classify the spatial dependence of soil properties (Camberdella et al. 1994) . The variable is considered to have a strong spatial dependence if the ratio is less than 25%, and it has a moderate spatial dependence if the ratio is between 25% and 75%; otherwise, the variable has a weak spatial dependence.
RESULTS AND DISCUSSIONS
The descriptive statistics of selected chemical and physical properties are given in Table 2 . The soils have divergent texture, neutral to alkaline reactions, low EC and organic matter contents. The CEC ranges from 8.34 to 47.61 meq/100 g with a CV value of 34.26% indicating high variation within the study area which might be due to differences in type and content of clay, organic matter content, and calcium carbonate equivalent of soils. Organic matter contents in the surface and subsurface layers range from 0.2 to 6.78%.
Soils were formed over alluvium, serpentinite and limestone. The average PAK for the whole study area was 152.8 mg/kg (ranged from 17.1 to 1688.2 mg/kg) and 167.2 mg/kg (ranged from 23.7 to 2466.4 mg/kg) in surface and subsurface layers, respectively. Although the mean values of PAK do not show any deficiencies and even excess amount of PAK, the minimum values indicate the requirement for K fertilizer application for sustainable agricultural production. However, high PAK concentrations indicated that most crops might not respond to applied K. Although weathering of K-bearing minerals, release of K from minerals and (Ghiri & Abtahi 2011) , PAK concentrations of subsurface layers were higher for all parent materials than those of surface soils (Table 3) . This may be due to the intensive crop production and the sandy texture of soils in the study area. Parent material had a significant effect (P ≤ 0.05) on PAK and NEK contents of soils. The lowest PAK was found in soils formed over serpentinite with average PAK of 86.4 and 88.0 mg/kg for surface and subsurface layers ( Table 3 ), indicating that the soils were low in PAK. Bertsch and Thomas (1985) also reported that the amount of K in a soil is a function of the parent material and degree of weathering along with K fertilizer applied, crop removal, erosion, and leaching. PAK concentrations of soils over alluvium and limestone were quite similar to each other and not significantly different from each other (Table 3) . Khan and Fenton (1996) found higher PAK and NEK in soils of the Missouri River floodplain than in upland soils in Iowa. This difference was attributed to the amounts of K associated with variation in the degree of weathering experienced by minerals in soils formed over alluvial deposits.
Values of PAK (CV of 92.33 and 112.83%) and NEK (CV of 52.48 and 62.94%) varied greatly among the studied soils. The concentration of K in agricultural soils may be partly associated to the variations of intensive management such as crops in rotation, irrigation, reclamation and fertilizer application. The average farm size in the study area is 2.17 ha (Sayili & Esengun 1996) . The differences in agricultural practices adopted by farmers in small farms considerably affected the concentrations of PAK and K release from NEK, yielding a high variation shown in high CV values (Table 3) .
Land use in the study area was divided into five categories based on crops planted: field crops, vegetables, orchards, pastures and fallow fields. The PAK and NEK concentrations under different land use types were not statistically different. The only difference was recorded in PAK concentrations of pastures for surface soils (Table 4 ). The highest PAK concentration was recorded in pastures which have never been cultivated and used only for grazing (Table 4) . Average PAK values in surface soils were lower as compared to those of subsurface layers for all land use types. The lower value of PAK in subsurface layers indicates the greater plant uptake of K because of higher root density in the subsurface layers and low mobility of K fertilizers applied (Goli-Kalanpa et al. 2008) . Continued removal of K without any supply as mineral fertilizer or manure led to depletion of PAK. Kayser & Isselstein (2005) stated that K deficiency in grasslands can occur within 3 to 10 years, if K is not supplied under continued Figures 2 and 3) . The maps of NH 4 OAc-extractable K clearly show that the PAK level in the major part of the study area is well below this limit. However, the release of NEK can be considered as a K pool and can act as a source for providing K for plants in K-depleted soils. Although soils in Turkey contain large quantities of PAK and NEK, the reserves have considerably decreased (Munsuz et al. 1996) , because of intensive crop production and little or no application of K fertilizers. Thus, the use of K fertilizers is required for sustainable agricultural production. The values of NEK, which represent the soil supplying capacity of potassium in the long term, (Ghiri & Abtahi 2012) showed a wide variation and ranged from 228.5 mg/kg to 3135.4 mg/kg for surface and 154.8 mg/kg to 734.6 mg/kg for subsurface layers (Table 4 ). The introduction of high-yielding varieties, particularly vegetables and intensive cropping systems, into the watershed caused depletion of PAK in some parts of the study area.
The results of bivariate correlation analysis for K forms and soil properties are presented in Table 5. Soil properties have significant impacts on PAK through non-exchangeable K release from soils (Jalali & Khanlari 2014) . The PAK and NEK concentrations had a significant positive correlation with clay content whereas significant negative correlations with silt and sand contents of soils. Nilawonk et al. (2008) reported that ninety-six percent of the total release of non-exchangeable K was from the clay-size fraction and approximately 4% was from the sand and silt fractions of soils. Madaras et al. (2014) also reported higher available K content in soils with higher clay content, which confirms the high dependence of K fractions on soil texture. The difference in K release from the non-exchangeable K sources in Kazova watershed mostly results from the variation of soil texture and organic matter content of soils.
The correlation analyses revealed that PAK contents were closely related to pH; in contrast, NEK showed no significant relationships with soil pH. Exchangeable Ca and Mg concentrations have significant correlations both with PAK and NEK (Table 5) for surface soils. Rowell (1985) also indicated that the levels of K in solution as well as the release of K are dependent on the concentrations of Ca and Mg in soil solution. Although Mg concentrations have a positive correlation with PAK, it has significant negative correlations (P < 0.01) with NEK concentrations (Table 5 ). The negative correlation between Mg and NEK probably results from the higher power of Mg than Ca to replace K in micas due to its greater hydrated size compared to Ca (Mengel & Kirkby 1987) . Jalali (2008) also reported the occurrence of greater K release when Mg reaches the internal sites.
Significant positive relationships (r = 0.54 and r = 0.51, P < 0.01 surface and subsurface, respectively) were found between NEK and PAK (Table 5) . Jalali (2007) and Ghiri and Abtahi (2011) reported that this can be due to the amounts of K adsorbed to sur- The experimental semivariogram for the intercept of the parabolic equation shows a higher nugget variance (0.194) in subsurface compared with the nugget variance of PAK in surface (0.027) ( Table 6 ).
Measurement error and variation that occurs over a distance less than the sampling interval are the components of nugget variance. PAK with the low nugget value relative to sill variance in surface soil may be an indicator of spatial variability affected by intrinsic factors (i.e. soil formation, such as soil parent material). Soil properties are isotropic if they vary in a similar manner in all directions, in which case, the variogram depends on the distance between samples. There is no evidence of anisotropy in the variograms. This means that the level of NEK and the Andronikov et al. 2000) . Therefore, isotropic models for the variograms were fitted using non-linear least squares regression analysis. Best-fit models are determined when the RSS is not further minimized by a significant change in model parameters.
The autocorrelation results from 400 sampling locations were used to determine the maximum separation distance where soil samples could have been taken and still allow for adequate interpolation between sample locations. The nugget-to-sill ratio showed a strong spatial dependence for soil pH and soil available K. The results showed that surface PAK and subsurface NEK were strongly spatially dependent with means of 152.82 and 734.61 mg/ kg. Subsurface PAK and surface NEK had a moderate spatial dependence with means of 167.23 and 925.82 mg/kg. Usually, strong spatial dependence of soil properties can be attributed to intrinsic factors, and weak spatial dependence can be attributed to extrinsic factors (Cambardella et al. 1994) . The experimental variogram of K concentrations has been fitted with an exponential model. Maps of PAK and NEK contents were generated through the interpolation of measured values by kriging.
The highest PAK concentrations were found in the western part of the study area where the soils have high clay contents. Whereas the lowest concentrations of PAK were found in soils located at the Yesilirmak River bank where the soils are mostly high in sand content (Figures 4 and 5) . Subsurface layers of the study area exhibited a similar pattern of distribution for high and low concentration of PAK.
The maps indicated an area in the west of the watershed with elevated NEK. In the middle part of the study area, there is relatively low NEK due to the high sand content of soils (Figures 6 and 7) .
CONCLUSION
Watershed-scale determination of plant nutrients is needed to monitor and evaluate regional soil fertility. Many soils in lower Kazova watershed have high contents of NEK but relatively small amounts of PAK. Based on CV values, PAK was more variable than NEK in Kazova watershed soils. Soil parent material (alluvium, serpentine, limestone) caused differences in PAK and NEK of soils. Soils formed over serpentinite had the lowest PAK and NEK contents. While limestone originated soil had the highest NEK, and alluvium originated soil had the highest PAK.
Spatial variability patterns of PAK and NEK were similar and consistent at both soil depths. However, the spatial pattern of NEK was more differentiated in which high and low NEK areas were clearly represented. Our results also indicated that the spatial structure of PAK and NEK alters with soil parent material and with soil texture. The quantification of PAK and NEK provides useful information to improve soil fertility as well as soil quality of the lower Kazova Watershed.
